Objective: It is widely recognized by hearing aid users and audiologists that a period of auditory acclimatization and adjustment is needed for new users to become accustomed to their devices. The aim of the present study was to test the idea that auditory acclimatization and adjustment to hearing aids involves a process of learning to "tune out" newly audible but undesirable sounds, which are described by new hearing aid users as annoying and distracting. It was hypothesized that (1) speech recognition thresholds in noise would improve over time for new hearing aid users, (2) distractibility to noise would reduce over time for new hearing aid users, (3) there would be a correlation between improved speech recognition in noise and reduced distractibility to background sounds, (4) improvements in speech recognition and distraction would be accompanied by self-report of reduced annoyance, and (5) improvements in speech recognition and distraction would be associated with higher general cognitive ability and more hearing aid use.
INTRODUCTION
Auditory acclimatization is considered to be a process of perceptual learning, whereby an individual learns over time to make use of the change in acoustic information provided by the hearing aid (Arlinger et al. 1996) . Clinicians and hearing aid users recognize a need for new hearing aid users to adjust to hearing aid use (Mueller & Powers 2001; Dawes et al. 2014c) . Clinicians recommend that consistent hearing aid use is likely to lead to greater hearing aid benefit and satisfaction (Mueller & Powers 2001) , and auditory acclimatization periods are commonly included in research studies. But there is inconsistent research evidence for auditory acclimatization with hearing aids. In relation to improved speech recognition, several studies reported evidence for acclimatization (Cox & Alexander 1992; Gatehouse 1992 Gatehouse , 1993 Cox et al. 1996; Horwitz & Turner 1997; Kuk et al. 2003; Munro & Lutman 2003; Yund et al. 2006) , while others have not (Bentler et al. 1993a, b; Taylor 1993; Saunders & Cienkowski 1997; Humes et al. 2002; Humes & Wilson 2003; Dawes et al. 2014a ). See Turner et al. (1996) , Palmer et al. (1998) , Munro (2008) , and Dawes et al. (2014a, b) for reviews of these and other studies. The inconsistencies between previous studies may have been due to design factors, such as lack of control group, unilateral versus bilateral fitting, the type and amount of auditory input, inclusion of participants with mild hearing loss in some studies, and the amount of hearing aid use and cognitive factors (Palmer et al. 1998; Munro 2008) . Therefore, we previously conducted a large longitudinal study of auditory acclimatization to hearing aids that included a control group of experienced hearing aid users (with at least moderate levels of hearing loss), unilateral versus bilateral fittings, and accounted for the amount of hearing aid use and cognitive factors (Dawes et al. 2013a (Dawes et al. , b, 2014a . New hearing aid users reported significant increases in benefit, but there was little corresponding evidence for perceptual or physiological changes with hearing aid use. These null findings lend weight to the views of some researchers who have concluded that because auditory acclimatization effects tend to be inconsistent between studies and small on average, they are clinically insignificant (Turner & Bentler 1998) . However, this conclusion seemed at odds with the experience of clinical audiologists and hearing aid users. A possible explanation for the apparent discrepancy between research findings and the experience of clinicians and new hearing aid users may be that the current conceptualization of auditory acclimatization is inaccurate or incomplete.
In a focus group study, new hearing aid users were asked to describe the process of "getting used to" hearing aids (Dawes et al. 2014c ). The primary obstacle reported by all users was that of becoming accustomed to a "cacophony of sound," much of which had previously been inaudible for many years. Users reported that the experience of amplified background sound was initially overwhelming, but that after a few days of hearing aid use, these undesirable sounds ceased to be noticeable. This experience has been recognized previously in terms of "annoying or aversive" sounds after amplification (Brooks 1989; Palmer et al. 2006; Skagerstrand et al. 2014) . In a recent scoping review of reasons for nonuse of hearing aids, 5 out of the 10 studies that were identified for the review cited "noisy situations/background noise" as a primary reason for nonuse (McCormack & Fortnum 2013) , and background sound appears to be relevant to various aspects of hearing aid use, including benefit and satisfaction, acclimatization, hearing aid technology, and signal processing (Gygi & Ann Hall 2016) .
We hypothesize that auditory acclimatization may primarily involve a refocus of auditory attention, as follows. Among people with normal hearing, audible background sounds with no behavioral relevance (such as ventilation noise, street noise, rustling clothes, etc.) are ignored. In the case of people with long-standing hearing loss, background sounds are inaudible or very quiet. But when someone with long-standing hearing loss obtains a hearing aid, the audibility of background sounds is suddenly restored. Immediately after hearing aid fitting, background sounds intrude on conscious attention due to their novelty. Newly audible background noises may exert a detrimental distracting effect on speech recognition (i.e., "informational masking"). "Informational masking" refers to degradation of auditory detection or discrimination of a signal that is not related to energetic masking caused by physical interaction between the masker and the signal (Leek et al. 1991) . Informational masking is greater with more complex maskers and with maskers that are similar to the signal. Once someone with long-standing hearing loss has acclimatized to hearing aids, irrelevant background sounds are ignored and informational masking is reduced. This concept is consistent with a description of auditory acclimatization as a process of perceptual learning (Arlinger et al. 1996) . Alterations of attentional focus have been identified previously in research in auditory learning (Amitay et al. 2006) . Amitay (2009) proposed a theory of auditory perceptual learning that includes attentional filtering of irrelevant stimulus features. This theoretical model may be applicable in the case of auditory acclimatization to hearing aids. Alteration in the focus of auditory attention may also be consistent with earlier reports that showed improvements in aided speech recognition performance over time (e.g., Horwitz & Turner 1997; Munro & Lutman 2003; Yund et al. 2006) . These previous studies measured speech recognition in background noise to avoid ceiling effects. Improvements in speech recognition in noise in these previous studies may have been due to reduced susceptibility to the distracting effects of noise rather than improved speech recognition per se. Other areas of research suggest that the distracting effect of background noise ("informational masking") has a significant impact on speech recognition, and that attention plays a key role in resistance to distraction effects (e.g., Helfer & Freyman 2008) . Other components that may influence post hearing aid fitting improvement in speech recognition in noise may include modulation masking (Bacon et al. 1998) , physiological changes (Dawes et al. 2013a (Dawes et al. , 2014b , "listening effort" or top down cognitively based compensatory function (PichoraFuller & Singh 2006; Wong et al. 2009; Dawes et al. 2010) , and reallocation of executive function capacity (Amitay 2009 ).
In the present study, we sought to index the distracting effect of background noise during aided listening using a task derived from cognitive psychology. A body of previous cognitive psychological research has shown that background noise impairs performance on cognitively challenging tasks, with memoryrelated tasks being particularly vulnerable (Cassidy & MacDonald 2007; Jones et al. 2010) . Participants therefore completed a serial recall memory task in quiet and in noise (with hearing aids), with the difference in recall between quiet and noise conditions being an index of the distracting effect of amplified background noise (the "distraction" task).
If the importance of attentional tuning for hearing aid auditory acclimatization can be established, this could have relevance for both research and clinical practice. Failure to "tune out" aversive sounds may be a primary reason for lack of auditory acclimatization, reduced hearing aid benefit, and nonuse. A better understanding of auditory acclimatization as a process involving refocus of auditory attention may ultimately help hearing-impaired people obtain more benefit from amplification. Specifically, reliable measurement of altered focus of auditory attention with hearing aid use may be used to (1) identify optimal hearing aid settings for first fits (e.g., optimization of hearing aid "acclimatization" first fit settings, which begin with low levels of gain and gradually increase gain to prescribed levels over an extended time period), (2) inform strategies to facilitate auditory acclimatization (e.g., counseling and listening tasks, such as those described by Brooks (1989) ), and (3) prescribe individualized management and fittings to optimize hearing aid benefit (e.g., more aggressive acclimatization settings for those who are particularly susceptible to the distracting effects of background noise).
In a study with older adults with hearing loss, Nabelek et al. (1991) reported that full-time hearing aid users tolerated higher levels of background noise than occasional or nonhearing aid users. Following Nabelek et al.'s study, Rogers et al. (2003) described the acceptable noise level (ANL) test, which requires test takers to listen unaided to spoken discourse presented at a comfortable listening level and adjust the level of background noise to the maximum level where they feel they can still follow the discourse. Nabelek et al. (2006) suggested that different acceptance of noise (indexed by the ANL test) may result in different patterns of hearing aid use. People who tolerate higher levels of background noise may use hearing aids more consistently. A recent review (Olsen & Brännström 2014) reported inconsistent evidence that the ANL was predictive of hearing aid use. Olsen and Brännström (2014) concluded that the acceptance of noise may be an important determinant of hearing aid use, but that the reliability of the ANL was not satisfactory. We hypothesized that "tolerance of background noise" indexed by the ANL may relate to susceptibility to the distracting effect of background noise, as described in our conception of acclimatization to hearing aids earlier. We expected that higher susceptibility to background noise on the distractibility task measured at baseline would be associated with lower tolerance of background noise on the ANL test.
Study Design and Hypotheses
In the present study, new adult hearing aid users completed an experimental test battery on the day of first hearing aid fitting and at 1, 7, and 30 days post fitting. On the basis of reports by new hearing aid users (Dawes et al. 2014c) , it was anticipated that a refocus of auditory attention with new hearing aid use may occur relatively rapidly, within the first few days of hearing aid use. Participants were tested at 1 and 7 days after fitting to capture this process. A final test session at 30 days was included to test for longer term stability of any early changes and whether improvements may still be evident at 30 days post fitting. To control for retest effects, testing included a control group of experienced adult hearing aid users. Most previous studies on acclimatization to hearing aids assessed aided speech recognition at fixed signal to noise ratios (SNRs) to avoid ceiling effects. In the present study, speech recognition was assessed with the level of background noise varying adaptively to track a recognition threshold. If auditory acclimatization to hearing aids results in an improved ability to ignore background sounds, we hypothesized that (1) speech recognition thresholds would improve over time, with new hearing aid users achieving equivalent levels of recognition at more adverse SNRs over time post hearing aid fitting (hypothesis #1), and (2) that new hearing aid users would show reduced distractibility over time (hypothesis #2). If reduced distractibility to background sounds underlies improvements in speech recognition in noise, then reductions in distractibility should correlate with improvements in speech recognition (hypothesis #3). Improvements in speech recognition and reduced distraction should also be accompanied by self-report of reduced annoyance (hypothesis #4).
Finally, in terms of explaining individual differences in performance on a large range of laboratory tasks, most variance can be explained by general cognitive ability (Rabbit 2002 ). Individual differences in a variety of mental tests including executive function, attention, working memory, and vocabulary are predominantly accounted for by general cognitive ability (Deary et al. 2010) . Cognitive ability has also been suggested as a constraining factor in relation to auditory acclimatization (Tyler & Summerfield 1996; Palmer et al. 1998 ) and for speech recognition in background noise (Akeroyd 2008) . It is reasonable then to presume that general cognitive ability would be positively correlated with auditory attention and successful auditory acclimatization. As general cognitive ability may be estimated quickly, it may be a potentially useful clinical metric for individualization of hearing aid fitting. Further, if consistent hearing aid use facilitates learning to ignore background sound, more consistent hearing aid use would be associated with improvements in speech recognition and distraction. We hypothesized that improvements in speech recognition and distraction would be associated with higher general cognitive ability and more consistent hearing aid use (hypothesis #5).
MATERIALS AND METHODS

Participants
Power analyses concluded that at least 17 new hearing aid users and 17 controls would provide at least 80% power to detect a large sized effect (d = 0.5; based on a repeated-measures analysis of variance with an α level of 0.05, two-tailed). A minimum sample size of 29 new hearing aid users would be required to detect a large correlation (r > 0.5) between improvement in distraction/speech recognition performance and hearing aid use/cognitive ability (based on Pearson's r with an α level of 0.05). A total of 22 experienced and 42 new hearing aid users were recruited. Nine participants were excluded due to noncompletion, change in hearing sensitivity, or change in hearing aid gain. Participants who were excluded from the study did not differ from those who completed the study in terms of age [t(62) = 0.2, p = 0.80] or severity of hearing loss [t(62) = 0.6, p = 0.50]. Twenty experienced and 35 new hearing aid users were included in the analysis. The mean age of the experienced and new user groups was 78 (SD = 8; range 67 to 88 years) and 70 years (SD = 10; range 57 to 69 years), respectively. The mean hearing level ( Fig. 1; 250 to 8000 Hz) in the experienced and new user groups was 46 dB HL (SD = 7; range 21 to 55 dB HL) and 38 dB HL (SD = 9; range 31 to 59 dB HL). Experienced hearing aid users were older [t(53) = 2.98, p < 0.01] and had poorer hearing than new hearing aid users [t(53) = 3.28, p < 0.01].
Participants were recruited to the study, fitted and tested by an audiologist based at Withington Community Hospital, a local National Health Service (NHS) audiology clinic. Ethical approval was obtained from the North West UK NHS Research Ethics Committee. In the United Kingdom, hearing aids are currently provided free of charge at the point of service via the NHS. Recruitment aimed at including an inclusive range of new hearing aid users. Our recruitment targeted new hearing aid users who have elected to receive hearing aids as part of their standard clinical care. We also recruited experienced hearing aid users with at least 12 months experience and who report hearing aid use ≥6 hr/day. Inclusion criteria for all participants was mild to moderate hearing loss consistent with normal aging (defined as average air conduction thresholds across 500, 1000, 2000, and 4000 Hz > 20 dB HL and <70 dB HL). Exclusion criteria were (1) fluctuating or recent changes in hearing level, (2) asymmetry in air conduction thresholds of >15 dB at two or more frequencies, (3) an air−bone gap >15 dB at any test frequency, and (4) abnormal middle ear function assessed using tympanometry. Hearing thresholds were assessed at the start and end of the study, and participants with any substantial change in threshold (>10 dB over more than one test frequency) were excluded from analysis (n = 2). Mean change in threshold across frequencies and groups was 0.5 dB (SD = 1.0). Overall, 2% of thresholds changed by 10 dB or more. This is in line with test-retest differences for audiometry (Robinson 1991 ) and similar to our previous acclimatization studies with a similar patient population (Dawes et al. 2014a ).
Hearing Aid Fitting
New hearing aid users were all bilaterally fitted with the same model of hearing aid that is routinely used for cases of mild to moderate hearing loss at Withington Hospital's Audiology department (Oticon Spirit Zest; a digital nonlinear behindthe-ear open fit hearing aid). The hearing aids have 16 channel signal processing with a frequency range of 100 to 7100 Hz. Noise management was activated. Compression operated with an attack time of 2 msec and release time of 70 msec (per American National Standards Institute standard [ANSI S3.22 2003]).
All new hearing aids were fitted to the National Acoustics Laboratories Nonlinear 2 (NAL-NL2) prescription target based on hearing thresholds as measured at day 0. Existing hearing aid users had hearing aids that had been previously fitted to either the NAL-NL1 or the NAL-NL2 prescription target. Maximum output was adjusted if the participant reported any undue discomfort to loud sounds presented during the hearing aid fitting. Real ear insertion gain (REIG) was measured for all participants at the start and end of the study with a Siemens Unity 2 hearing aid analyzer after recommended procedure (British Society of Audiology and the British Academy of Audiology 2008). Target and measured user gain for the experienced and new user group is shown in Figure 2 . Measured REIG levels were higher for experienced compared with new users. These higher values could be attributed to a slight trend for more severe hearing loss in the experienced users. Participants did not have access to volume controls, and no alterations in gain were made during the study; participants with measured alterations in gain (>10 dB over more than one test frequency) between baseline and completion of the study were excluded from analysis (n = 4). Mean changes in REIG between baseline and completion of the study ranged from −0.6 dB (SD = 2.9) to 1.1 dB (SD = 2.5) across frequencies; the mean change in REIG was not statistically significant based on repeated-measures analysis of variance (p < 0.05). Variation in gain was consistent with short-term test-retest REIG data (Hawkins et al. 1991) . For new hearing aid users, the average hours of use per day was recorded from hearing aid data logging at the end of the study. Data logging was not available for the experienced hearing aid users.
Protocol
New users were tested on the day of fitting and at 1, 7, and 30 days post fitting. The same order of testing was used at each test session. Experienced hearing aid users were tested at the same time points to control for the possible effects of repeating the tests on performance. The test protocol is summarized in Table 1 .
Outcome Measures
Speech in Noise Recognition • Institute of Electrical and Electronics Engineers sentences were presented at 65 dB SPL from a center speaker (at 0° azimuth and ear level) with background noise at an initial SNR of +4 dB. The background noise was selected from a corpus of sound recordings of nonspeech background noise from a variety of real-world settings from the Database of Annotated Real Environmental Sounds (DARES; van Grootel et al. 2009 ) to maximize ecological validity. Six different recordings of background noise from the DARES database were used including "cafeteria noise," "supermarket noise," "courtyard noise," "ventilation noise," and two different recordings of "office noise." The background noise type for each speech recognition task run was randomly selected. No recording contained any intelligible speech. Background noise was presented from two loudspeakers placed symmetrically at ±45° azimuth. The level of background noise was varied adaptively contingent on correct identification of all the content words in the target sentence, with the 50% correct recognition threshold being estimated. The initial step size was 4 dB for the first 4 reversals, reducing to 2 dB steps for the final 10 reversals. The final eight reversals were averaged to provide the SNR for 50% criterion performance. Auditory Distraction Task • The basis of the auditory distraction task was a visual serial recall task, previously used in research on auditory distraction (Cassidy & MacDonald 2007) . After a delay of 8 seconds, participants were required to recall a series of eight digits presented in sequence on a visual display. After a practice run, participants performed the recall task (1) in background noise with hearing aids and (2) without hearing aids in quiet. Background noise was presented via two symmetrically located loudspeakers (as for the speech in noise [SIN] task; ±45° azimuth) at 55 dB SPL. The 55 dB SPL presentation level was chosen to represent lowlevel background noise comparable to noise levels typically experienced in home and department store settings (Pearsons et al. 1977 ). The background noise was the same six different noise recordings from the DARES database (van Grootel et al. 2009 ) as used with the SIN recognition test. A different noise was used for each run. A total of 12 trials in each condition (noise/quiet) were presented, 8 digits in each trial giving with a maximum score of 96 correct in each condition. Trials were presented in two blocks of six, with the order of presentation counterbalanced across participants (i.e., noise/ quiet/noise/quiet or quiet/noise/quiet/noise). The measure of distraction was calculated as digit recall performance in quiet minus performance in background noise (% correct). After completing the distraction task, participants rated the annoyance and distraction of the background noises using a rating system by Palmer et al. (2006) ; How annoying did you find the background sounds played during the memory task? and How distracting did you find the background sounds played during the memory task? Participants rated annoyance and distraction on a 10-point Likert scale with descriptive anchors "Not annoying at all"/"Not distracting at all" at 0 to "Very annoying"/"Very distracting" at 10. Acceptable Noise Level • The ANL (Fry Electronics Inc., Tigard, OR) was administered without hearing aids as per the instructions for the ANL. A target story was played at 55 dB SPL over a loudspeaker. The participant adjusted the level of the story in 2-dB steps until the level was at the most comfortable listening level (MCL). The target story was then presented at the participant's MCL, and the participant was asked to adjust the level of background noise level (BNL) until the participant felt they could only just follow the target story. The ANL was taken as MCL minus BNL. Smaller ANL values correspond to greater tolerance of background noise. Self-Report Measures • On completing the study, participants completed two self-report measures: (1) The International Outcome Inventory-Hearing Aids (IOI-HA) questionnaire, which includes seven questions relating to use, benefit, and residual hearing difficulty (Cox & Alexander 2002) and (2) A self-report questionnaire about changes in the "annoyance" of amplified sounds and awareness of the HA over the course of the study (Palmer et al. 2006 ). Awareness of the hearing aid was defined as the proportion of the time the participant reported being consciously aware of wearing the hearing aid. The questions in the self-report questionnaire were as follows:
1. Compared with when you first started using your hearing aid, how noticeable do you find background sounds (e.g., wind, rustling clothes or hair, footsteps, mechanical or electrical sounds)? 2. Compared with when you first started using your hearing aid, how annoying do you find background sounds in quiet environments, such as a quiet office or room? 3. Compared with when you first started using your hearing aid, what proportion of the time are you consciously aware that you are wearing it?
Responses were recorded on a Likert scale from −5 to +5, with descriptive anchors "much more noticeable," "unchanged," and "much less noticeable" at −5, 0, and +5, respectively. Responses on these three questions were summed to create a variable named "self-reported change in aided sound." Wechsler Abbreviated Scale of Intelligence-II • New hearing aid users completed the block design subtest of the Wechsler Abbreviated Scale of Intelligence-II (WASI-II; Wechsler 2011) as an index of general cognitive ability, which has previously been used in hearing aid acclimatization studies (Dawes et al. 2013b (Dawes et al. , 2014a . The block design test involves timed construction of a geometric pattern using colored blocks.
RESULTS
All data were checked to ensure normality of distribution and that data met the assumptions for parametric testing.
SIN Recognition
There was a significant improvement over time for all participants ( Fig. 3A; with the control group. This pattern of results is consistent with a general practice effect. There was no evidence for an acclimatization effect, which was hypothesized to have been observable in the form of greater improvement in the new user group. However, improvement in SIN among the new user group was associated with severity of hearing loss and with hearing aid use (see "Correlates of Improvements in SIN Recognition"). The new user group included participants with mild levels of hearing loss, and hearing aid use varied widely (0.3 to 14 hr/day). We therefore applied selection criteria for severity of hearing loss and hearing aid use previously used in auditory acclimatization studies (puretone average >40 dB HL and daily hearing aid use >6 hr/day; criteria as recommended by Palmer et al. 1998 and used by Dawes et al. 2013a Dawes et al. , b, 2014a and reran the analysis for the participants that fit these selection criteria (new users N = 10; experienced users N = 16; Fig. 3B ). There was a significant improvement over time [F(3,22) 
Distraction Task
Distraction scores (Fig. 4) were expected to progressively decrease over time (i.e., high positive scores at initial fitting and low positive scores at day 30). The pattern of performance actually showed a small positive score at day 0, with mixture of small positive and negative scores at different time points; negative scores indicate better performance in noise conditions versus quiet. The average size of the absolute difference between conditions was small (ranging between 0 and 8% across groups and across test occasions).
There was a statistically significant main effect of time [F(3,49) = 4.60, p < 0.01], but no Significant time × Group interaction [F(1,49) = 1.89, p = 0.14]. This pattern of results is consistent with a general practice effect. There was no significant correlation between distraction and ANL (r = −0.33, p = 0.06). There were no significant correlations between distraction scores on consecutive test occasions (r = 0.02 to 0.30, p > 0.05; two-tailed). In contrast to SIN, there was no association Examining self-report of annoyance and distraction in relation to the distraction task, experienced users tended to rate the background noise as being more annoying and distracting than new users (Fig. 5) . There was no significant change in distraction or annoyance ratings between day 0 and any subsequent time point for either new users or experienced users (p > 0.05; Wilcoxon signed rank test).
Correlates of Improvements in SIN Recognition
There was no association between improvement in SIN and change in distraction or WASI score among new hearing aid users (n = 35; r = −0.18, p = 0.30; r = 0.26, p = 0.13). Improvements in SIN were associated with poorer hearing, greater hearing aid use, and self-report of background sounds being less noticeable or annoying (Fig. 6) . Improvements in SIN were positively associated with hearing aid benefit (IOI-HA).
DISCUSSION
Hypothesis #1. Speech recognition thresholds in noise would improve with time post hearing aid fitting for new hearing aid users
We observed an improvement in SIN for a subset of new hearing aid users (with pure-tone average >40 dB HL and HA use >6 hr/day) versus experienced hearing aid users tested at 30 days after first hearing aid fitting. Greater improvement in SIN was associated with greater hearing aid benefit (IOI-HA). After reports from hearing aid users (Dawes et al. 2014c ), we had expected that SIN improvements associated with reduced intrusiveness of "annoying sounds" may occur within the first week of hearing aid use. However, the improvement observed in the present study for a subset of new hearing aid users (with puretone average >40 dB HL and HA use >6 hr/day) emerged at the test point 30 days after fitting (Fig. 3) . Previous studies also suggested that improvements may not emerge until after at least several weeks after hearing aid fitting (Munro 2008) . In the present study, aided SIN was not measured beyond 30 days post fitting. In retrospect, it would have been useful to include longer term measures to chart the time course of changes after 30 days post fitting.
In the analysis of a subset of new hearing aid users (with pure-tone average >40 dB HL and HA use >6 hr/day), mean performance is at a similar level to that of experienced users at day 0; however, by day 30, new users have better performance than experienced users. One might have expected new users to begin with poorer SIN and improve to the level of experienced users. Possible reasons for experienced hearing aid users' poorer SIN performance are first, experienced hearing aid users were older and had poorer hearing thresholds than new users (cf. Cox & Alexander 1992) . Both age and average hearing threshold were correlated with SIN performance in the study sample (r = 0.48, p < 0.01; r = 0.26, p < 0.05, respectively). Second, the consistency of hearing aid use in experienced users could not be confirmed with data logging; the experienced users may use their hearing aids less consistently than the subgroup of new users selected on the basis of HA use being >6 hr/day.
Previous research on auditory acclimatization to hearing aids has been inconsistent (Turner & Bentler 1998 ). In our previous auditory acclimatization study, we did not detect any improvements in SIN in new hearing aid users compared with controls (Dawes et al. 2014a) . In the present study, we reported a large improvement (~3 dB) in a subgroup of new hearing aid users (with pure-tone average >40 dB HL and HA use >6 hr/day) over controls. Possible reasons for the difference between the present study and our previous (Dawes et al. 2014a ) auditory acclimatization study may relate to (1) the use of a subgroup of new users in the present study who were consistent hearing aid users and had more severe levels of hearing loss, and (2) the use of a different measure of speech recognition in noise. In the present study, naturalistic recordings of background noise were used rather than broadband noise typically used in previous studies. Although it is possible that the use of different noise types on each run of the speech test may have affected the results, our baseline measures showed that there were no significant differences in speech-in-noise thresholds obtained with the different noise types. Hearing aid users may learn to ignore naturalistic background noise, but could be less likely to ignore broadband noise and similar noise maskers not usually encountered in daily life. Further, in the present study, the intensity of noise varied adaptively to track recognition threshold; Dawes et al. (2014a) and other previous studies (e.g., Munro & Lutman 2003 ) assessed accuracy of speech recognition at fixed SNRs.
Hypothesis #2. New hearing aid users would show reduced distractibility to noise over time and Hypothesis #3. Improved speech recognition in noise would be associated with reduced distractibility to background sounds
New users did not show reduced distractibility on a digit recall task over time compared with the control group of experienced users. On day 0, the distracting effect of background noise of digit recall was small, ~3% on average across participant groups. Because there was no strong distracting effect at the beginning of the study, the distraction task may not have been sensitive to small changes in the distracting effect of background noise.
There were also no changes on self-report of the annoyance or distraction ratings of the background noise used during the distraction task. Contrary to expectation, experienced users rated the background noise as being more annoying and distracting during the distraction task than new users did. As discussed earlier in relation to speech recognition in noise, the difference in annoyance and distraction ratings between experienced and new users may be due to experienced users being older and having poorer hearing than new users. Investigation revealed no association between age or hearing loss and annoyance or distraction ratings (r < 0.01, not significant), so it seems unlikely that the difference in ratings is due to group differences in age or hearing. A possible explanation for the difference between groups may be that new users' lower ratings of distraction and annoyance may be due to a "halo effect." The initial experience of increased audibility may lead to more favorable subjective ratings of aided listening by new hearing aid users than experienced hearing aid users who may experience ongoing hearing difficulties in background noise (Malinoff & Weinstein 1989; Taylor 1993) .
The distraction task, SIN and ANL all share the requirement to focus on a target while ignoring distracting background sound (i.e., focused auditory attention). One would therefore have expected performance on the tasks to be correlated. However, we found that the distraction task, SIN and ANL did not correlate with each other. One explanation may be that they do not tap a common underlying factor (i.e., do not relate to auditory attention). However, our interpretation was that the ANL and the distraction test may not be reliable measures. One recent review paper identified large differences on retest and low retest reliability for the ANL (Olsen & Brännström 2014 ). For the distraction task, retest correlations were small and mostly nonsignificant (cf. the SIN test with retest r > 0.7), the size of the effect of distraction was small on average (<8%), and at some time points, the difference between performance in the two conditions was in the opposite direction to expected (i.e., better performance in noise than in quiet). The research audiologist who administered the distraction task reported that "lapses" in performance were common. Participants would perform consistently, but then fail several trials in sequence after having lost concentration. Older people are known to have more variable task performance than younger people (MacDonald et al. 2009 ). Participants in the present study were aged around 70 years, and participants' variable performance (reflected by lapses of concentration) may have adversely affected the reliability of the distraction task. The task was based on a paradigm used in a large body of research into the distracting effects of background noise (Cassidy & MacDonald 2007; Jones et al. 2010) . However, previous research with this paradigm has mostly been carried out with undergraduate student participants. For example, Cassidy and MacDonald (2007) reported a large effect of noise on a memory task, with worse immediate recall in noise versus quiet (effect size r = 0.7 versus r = 0.05 in the present study). Although the distraction task used in the present study was piloted with older adults, performance of this task by a clinical sample of older hearing-impaired participants may be much more variable than for undergraduate participants. We therefore conclude that the distraction task was not a reliable measure in the present study. In the face of the apparent unreliability of the distraction task, we must rely on self-report measures as an alternative index of "distraction" (hypothesis #3). It would be desirable to identify a reliable behavioral measure of "distraction" that would be applicable to older hearing-impaired participants and which could facilitate further investigation into acclimatization to hearing aids based on the distracting effects of amplified background sound. 
Hypothesis #4. Improvements in speech recognition and distraction would be accompanied by self-report of reduced annoyance
Improvements in SIN were associated with self-report of reduced annoyance of amplified background sound and reduced consciousness of wearing a hearing aid. This was consistent with the hypothesis of reduced intrusiveness of background sounds being linked to improvements in SIN performance. However, self-report measures are susceptible to bias (Dawes et al. 2011 ) so due caution is warranted in interpretation. We suspect that there was no association between self-report of reduced annoyance and change in distraction on the behavioral task because of the unreliability of the behavioral task (as described earlier).
Hypothesis #5. Improvements in speech recognition and distraction would be associated with higher general cognitive ability and more consistent hearing aid use Improvements in SIN were not associated with higher general cognitive ability. More consistent hearing aid use was associated with improvement in speech recognition.
Severity of hearing loss was also a predictor of improvement in speech recognition, perhaps because potential gains in speech recognition are greater for those with more severe hearing loss. Consistent hearing aid use could support greater auditory acclimatization and benefit (Palmer et al. 1998; Mueller & Powers 2001) .
CONCLUSIONS
Improvements in aided speech recognition in noise that were observed in new hearing aid users in the present study at 30 days post hearing aid fitting may be predicted by severity of hearing loss and consistent hearing aid use. Improvements were greatest for new hearing aid users with more severe hearing losses and those who used their hearing aids consistently. Compared with a control group of experienced users, there was a significant improvement in aided speech recognition in noise over time in a subgroup of new HA users with more severe hearing loss who used hearing aids consistently. Improvement in aided SIN was associated with increased self-reported HA benefit. Improvement in aided SIN was also associated with self-reported reduction in the intrusiveness of background sound. There were no associations between improvement in SIN and the ANL or the distraction measure. The ANL and distraction measures did not correlate with each other.
